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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.

ISO

collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The

described in the ISO/IEC Directives, Part 1. In particular the different approval criteria riep

..... i her—matatenance are
ded for the

different types of ISO documents should be noted. This document was drafted in acéordapce with the

editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document‘may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any
patent rights identified during the development of the document will be(in the Introductign and/or on

the IFO list of patent declarations received (see www.iso.org/patents):

Any

constitute an endorsement.

For

frade name used in this document is information given for the'éonvenience of users gnd does not

hin explanation on the meaning of ISO specific termis and expressions related to| conformity

assegsment, as well as information about ISO’s adherence t0-the WTO principles in the Technjcal Barriers

to Trpde (TBT), see the following URL: Foreword — Supplementary information.

The

dommittee responsible for this documentis ISO/TE€ 58, Gas cylinders, Subcommittee SC 3, Cyfinder design.

This|second edition cancels and replaces the first edition (ISO 11120:1999), which has been technically

reviged by the following:

It also'incorporates ISO 11120:1999/Amd 1:2013.

Annex A “Typical chemistry groupings for seamless steel tubes” is informative;

nickel chromium molydbenum steel has been added in 6.1.1 and Annex A as Group V;

fteduction of maximum sulfur content in 6.2.2 from 0,020 % to 0,010 %; also the sum of sulfur and
phosphorus is reducedrom 0,030 % to 0,025 %;

the modificationcof ultrasonic provisions for ultrasonic examination in 8.3 to include ultrasonic
¢xamination fof wall thickness and for imperfections also on the supplied tubing;

1Type Appraval Procedure” has been introduced in Clause 9;

the previsions for design of tubes for embrittling gases have been revised.
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Introduction

This International Standard provides a specification for the design, manufacture, inspection and te

sting

of tubes at the time of manufacture for worldwide usage. The objective is to balance design and economic

efficiency against international acceptance and universal utility.

This International Standard aims to eliminate concern about climate, duplicate inspections

and

restrictions currently existing because of lack of definitive International Standards. It does not reflect

on the suitability of the practice of any nation or region.

This International Standard addresses the gpnprnl requirements on dpqign construction and i

nitial

inspection gnd testing of pressure receptacles of the United Nations Recommendations on the Tran
of Dangerouk Goods: Model Regulations.

It is intend¢d to be used under a variety of regulatory regimes, but it is suitable forluse wit}
conformity assessment system for UN pressure receptacles of the above-mentioned Model Regulat

sport

1 the
ions.
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INTERNATIONAL STANDARD

ISO 11120:2015(E)

Gas cylinders — Refillable seamless steel tubes of
water capacity between 150 1 and 3000 1 — Design,

construction and testing

1 Scope

This[[nternational Standard specifies minimum requirements for the material, design, cofisfruction and
worKmanship, manufacturing processes, examinations and tests at manufacture of refillable quenched
and tempered seamless steel tubes of water capacities exceeding 150 1 up to and |inicluding 3 000 I
for cpmpressed and liquefied gases exposed to extreme world-wide ambient températures, normally
between -50 °C and +65 °C.

This|[International Standard is applicable to tubes with a maximum tensile strength, Ryy,|of less than
1 10D MPa. These tubes can be used alone or in batteries to equip trailers or multiple element gas
contginers (ISO modules or skids) for the transportation and distribution of compressed g3ses.
This|International Standard is applicable to tubes having an opening at each end.

2 Normative references

The following documents, in whole or in part, are fiormatively referenced in this docunjent and are
indigpensable for its application. For dated references, only the edition cited applies. For undated
referfences, the latest edition of the referenced ddcument (including any amendments) applies.

ISO 148-1, Metallic materials — Charpy pendujum impact test — Part 1: Test method

ISO 148-2, Metallic materials — Charpy~pendulum impact test — Part 2: Verification of testing machines
ISO 148-3, Metallic materials — Charpy pendulum impact test — Part 3: Preparation and chanacterization
of Charpy V-notch test pieces forindirect verification of pendulum impact machines

ISO 9712, Non-destructivetesting — Qualification and certification of NDT personnel

ISO 4506-1, Metallic materials — Brinell hardness test — Part 1: Test method

ISO 6§506-2, Metallic.materials — Brinell hardness test — Part 2: Verification and calibration of testing machines
ISO §506-3, Metallic materials — Brinell hardness test — Part 3: Calibration of reference blocks

ISO 6892-X Metallic materials — Tensile testing — Part 1: Method of test at room temperaturg

ISO B34 1, Gas L_yl’[lldtlo CUIIl[jutl’l’Jl’l’l.t_y Uj[l,_yl’l'lldcl and-valvenratertals—with gas conterrts — Part 1:

Metallic materials

ISO 11114-4, Transportable gas cylinders — Compatibility of cylinder and valve materials with gas
contents — Part 4: Test methods for selecting metallic materials resistant to hydrogen embrittlement

ISO

3

13769, Gas cylinders — Stamp marking

Terms and definitions

For the purposes of this document, the following terms and definitions apply.

© ISO 2015 - All rights reserved
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yield strength
stress value corresponding to the upper yield strength, Ry, or, for steels that do not exhibit a defined
yield, the 0,2 % proof strength (non-proportional extension), Rpo,2

Note 1 to entry: See ISO 6892-1.

3.2
quenching

hardening heat treatment in which a tube, which has been heated to a uniform temperature above the
upper critical point, Acs, of the steel, is cooled rapidly in a suitable medium

3.3

tempering
toughening
below the Ig

3.4
tube
seamless trd

3.5

batch
quantity of {
same steel c
single furna

3.6
test pressu

bh
required pr
Note 1 to ent

3.7

design stre|
F

ratio of the ¢

3.8
laminar im
any imperfe|

3.9
working pr
settled pres

heattreatment which follows quenching, in which the tube is heated to a uniform tempery
wer critical point, Acy, of the steel

nsportable pressure receptacle of a water capacity exceeding 150 lbythot more than 3

hstand processed in the same heat treatment equipment{i.e. a continuous furnace proces
Ce charge, for both austenitization and tempering) usifig'the same heat treatment param

re

essure applied during a pressure test

Fy: It is used for tube wall thickness calculation.

ss factor

pquivalent wall stress atitést pressure, ph, to guaranteed minimum yield strength, Reg

perfection
ction lying essentially parallel to the tube surface, within the thickness of the product

essuré
sure of a compressed gas at a uniform reference temperature of 15 °C in a full tube

iture

0001

p to 30 tubes of the same nominal diameter, thickness and design made successively from the

Sora
eters

4 Symbols

a Calculated minimum thickness, in millimetres, of the cylindrical shell

a Guaranteed minimum thickness, in millimetres, of the cylindrical shell

A Percentage elongation after fracture

D Nominal outside diameter of the tube, in millimetres

f A constant in the design stress factor (see 12.3)

F Design stress factor (variable) (see 3.7)

2 © IS0 2015 - All rights reserved
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Lo Original gauge length, in millimetres, according to ISO 6892-1

Ph Hydraulic test pressure, in barl), above atmospheric pressure

Pw Working pressure, in bars, above atmospheric pressure

Reg Minimum guaranteed value of yield strength, in megapascals

Rea Actual value of the yield strength, in megapascals, as determined by the tensile test
(see 10.2.2)

Rmg Mintmumguaranteed-vatteof thetensttestrengthinmmegapaseats

Rma Actual value of tensile strength, in megapascals, as determined by the tensile tegt
(see 10.2.2)

Rmmhx  Maximum guaranteed value of the tensile strength, in megapascals

So Original cross-sectional area of tensile test piece, in square millimetres, accordipg to
ISO 6892-1

1) 1lbar = 105 Pa =105 N/m?2

5 Inspection and testing

Evalfiation of conformity shall be carried out in accardance with the applicable regulations of the
counftries of use.

To ensure that the tubes conform to this International Standard, they shall be subject tp inspection
and festing in accordance with Clauses 9, 10 and 11 by an inspection body, hereafter referred to as the
“Inspgection Body”, authorized to do so.

Equipment used for measurement, testing and examination during production shall be maintained and
calibjrated within a documented quality management system.

6 Materials

6.1 | General requirements

=

6.1.1 Materialsfor the manufacture of tubes shall meet the requirements of 6.2, 6.3 and 6.]

Steel/for thefabrication of tubes shall be of nationally or internationally recognized compositions having
proven reliability. Tubes shall be manufactured from carbon steel, carbon manganese steel, chromium-
molybdenum steel, nickel-chromium-molybdenum steel, chromium-molybdenum-vanadium steel, or a
similarattoysteet:

NOTE Steels of the types shown in Annex A have been proven to be acceptable by experience.

The steel shall be at least 95 % iron. New steel compositions, and steels for which limited experience
exists in tube/cylinder service, shall be fully tested and approved by an authorized body and have been
manufactured from not less than five casts of steel. The manufacturer of the finished tube shall provide
a detailed specification with tolerances for the supplied tubing including

— chemical composition,
— dimensions, and

— surface quality.

© IS0 2015 - All rights reserved 3
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6.1.2 The material used for the manufacture of tubes shall be steel, other than rimming quality, fully

killed with a

luminium and/or silicon.

The material shall have non-ageing properties, having a sufficient amount of nitrogen binding elements

(e.g.Al20,0

15 %).

In cases where examination of this non-ageing property is required by the customer, the criteria by
which it is to be specified shall be agreed with the customer and shall be part of the order.

6.1.3

Inordertoprovetheheattreatability ofacertaintubetype,itisrecommended thatthe manufacturer

of the tubing supply a certificate of mechanical properties, as a guidance to the tube manufacturer to

achieve the

outa

reference hd

6.1.4 The
which they ¢
6.1.5 Grad

e.g. Corrosiv

NOTE
6.2 Conti
6.2.1 A st{

Steel-makin
equivalent)

The chemic
the carl

the chrd

the may

The carbon,
vanadium o|
maximum a

Adlditional requirements related to tubes for use with embrittling gaseSare given in Clause 12.

I niobium conternts shall be given, with tolerances, such that the differences betwee

rnpnrﬁnc rnnlnirnd hy this International Standard This certificate is obtained r‘:n'rying

at treatment, representative of the final heat treatment, on a sample of tubing.

tube manufacturer shall establish means to identify the tubes with the cast-ofl/Steel
re made.

les of steel used for tube manufacture shall be compatible with the-intended gas se}
b gases and embrittling gases (see ISO 11114-1).

ols on chemical composition

el is defined by the steel-making process and by its.chiemical composition.

hnd to the killing method.
1l composition of the steel shall be defined at least by:

on, manganese and silicon contents.in all cases,

imum sulfur and phospherus contents in all cases.

manganese and silicon contents and, where appropriate, the chromium, nickel, molybde

hd minimum'yalues of the cast do not exceed the ranges shown in Table 1.

Table 1 — Chemical composition tolerances

from

'vice,

g shall be defined by reference to a given process’(oxygen converter, electric arc furnafce or

mium, nickel, molybdenum, vanadium or niobium contents when these are alloying elements
intentignally added to the steel, and

num,
h the

Maximum content Permissible range
Element (mass fraction) (mass fraction)
% %

Carbon <0,30 0,06

>0,30 0,07
Manganese All values 0,30
Silicon All values 0,30
Chromium <1,50 0,30

21,50 0,50
Nickel All values 0,40
Molybdenum All values 0,15
4 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=86e9e301c9a8049318866a2c1e35f840

ISO 11120:2015(E)

Elements not included in the declared chemical composition shall not be deliberately added. The content
of such elements shall be limited to ensure that they have no detrimental effect on the properties of the
finished product.

The combined content of the elements vanadium, niobium, titanium, boron and zirconium, shall not
exceed 0,15 %. This requirement shall not apply to Group IV steels as per Annex A.

The actual content of any element deliberately added shall be reported and their maximum content shall
be representative of good steel making practice.

6.2.2 The maximum sulfur and phosphorus contents in the cast and check analyses shall not exceed
0,010% and 0,020 %, respectively, and their sum shall not exceed U,025 %.

6.2.3 The manufacturer of the finished tube shall obtain and make available the certificate ¢f cast (heat)
analyses of the steel supplied for the construction of the tube.

6.3 | Heat treatment

6.3.1 Each tube shall be heat treated, and for each stage of treatment, ieZ quenching and tempering, the
heat treatment procedure shall include a record of

— the temperature,
— the temperature holding time, and

— the cooling medium.

6.3.] Heattreatment shall be carried out in sucl’a way that it does not induce excessive stfesses which
could initiate irreversible damage in the tube,

6.3.3 The austenitization temperature.prior to quenching shall be within 30 °C of the femperature
retaiped for the steel type concerned; bt it shall never be less than the upper critical point{ (Ac3) of the
steel|concerned.

6.3.4 Quenching in media gther than oil or air is permissible provided that the method prqduces tubes
free pf cracks as verified by hon-destructive examination.

6.3.§ The temperingtemperature shall be within £30 °C of the temperature for guaranteeing specified
mechanical propérti€s but shall not be less than 540 °C.

6.4 | Mechanical properties

The meehanical properties of the finished tube or the test ring shall be verified according to 10.2 and
11.3 and the results shatt be im compitance with the desigh drawing.

6.5 Failure to meet test requirements
6.5.1 In this clause, test requirements cover only the tests required in Clauses 9, 10 and 11.

6.5.2 Inthe event of failure to meet test requirements, retesting or reheat treatment and retesting shall
be carried out as follows.

a) Ifthere is evidence of a fault in carrying out a test, or an error of measurement, a further test shall
be performed. If the result of this test is satisfactory, the first test shall be ignored.

© IS0 2015 - All rights reserved 5
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If the test has been carried out in a satisfactory manner, the cause of test failure shall be identified.

If the tubes do not meet the required mechanical properties due to the heat treatment applied,

the manufacturer may subject all the tubes of the batch to one further heat treatment or reject
the corresponding tubes. If one or more tests prove even partially unsatisfactory results, all the
tubes of the batch shall be rejected.

2)

[fthe failure is due to a cause other than the heat treatment applied, all tubes with imperfections

shall be either rejected or repaired such that the repaired tubes pass the test(s) required for the
repair. They shall then be re-instated as part of the original batch.

6.5.3 Whd
tempered. A
the wall thig

T€ reheat-treatment 1s required, the tubes shall be re-tempered or re-quenched]
maximum of two austenitizing treatments is permitted. Whenever tubes are reheat-tr¢
kness can be affected by scale formation, therefore the guaranteed minimum thiekness

and
ated,
shall

be checked in the finished tube.

7 Design

7.1 Calculation of cylindrical shell thickness

teed minimum thickness of the cylindrical shell, a’, shall-bé not less than the thic
sing the Lamé-von Mises formula, as follows:

The guaran
calculated u|

(NessS

10FR ., —/3py, 0
10FR o,

where the value of F is the lesser of 0,65/(Reg/Rmg) or 0,85.
Reg/Rmg shall not exceed 0,90.
Additional requirements related to tubes foruse‘with embrittling gases are given in Clause 12.

NOTE1 It
conform with

is generally assumed that py, = 1,5py, for compressed gases for tubes designed and manufactufed to

this International Standard-

NOTE2 Fq
MEGCs for th
tube (e.g. ben
manufacture

r some applications such as’tubes assembled in batteries to equip trailers or skids (ISO modulgs) or
e transportation and, distribution of gases, it is important that stresses associated with mounting the
ding stresses, see Annex F, torsional stresses, dynamic loadings etc.) are considered by the ass¢gmbly
I and the tube matniufacturer.

NOTE3 In|
therefore, it g

addition, during hydraulic pressure testing, tubes could be supported or lifted by their necks;

an be necessary to consider potential bending stresses. For general guidance, see Annex F.

7.2 Design-of.tube ends

Tube ends shall be approximately hemispherical with thickness not less than the calculated minimum
wall thickness, a. The dimensions of the tube end profiles shall be specified for each design, taking into
consideration the stress distribution and the manufacturing process.

To permit internal visual inspection of the tube, an adequate opening shall be provided at the neck ends.
The nominal diameter of the opening shall be greater than D/12. However, internal diameters of neck
openings may be smaller provided appropriate tools are used to perform the visual inspection, i.e. bore
scope, mirrors, high intensity lighting, etc.

When the tube ends are threaded, the thickness at the thread root shall be sufficient to take into account
the developed stress in this part.

NOTE Stress analysis should be carried out to ensure that design limits are not exceeded.

© ISO 2015 - All rights reserved
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7.3 Design drawing

A fully dimensioned drawing shall be prepared which includes the specification of the material such as
heat treatment details, guaranteed mechanical properties and mass of the tube.

8 Construction and workmanship

8.1 General

The tube shall be manufactured from seamless steel tubing, typically hot rolled, extended/extruded or
forgdd. The ends shall be hot formed using either forging or spinning methods.

Metdl shall not be added in the process of closure of the end.

Defects shall not be repaired by welding.

8.2 | Surface imperfections

The Internal and external surfaces of the finished tube shall be freefrem imperfections which could
adversely affect the safe working of the tube.

NOTH See Annex C for examples of imperfections and guidance 6n their evaluation.

The machined surfaces of the neck shall be inspected with a non-destructive examination method
acceptable to the Inspection Body, such as magnetic particle'inspection (see ISO 10893-5), dye penetrant
metHods (see ISO 10893-4), eddy current (see ISO 10893-2), etc., to ensure that they atge free from
impdrfections.

8.3 | Ultrasonic examination

After completion of the final heat treatment and any operation resulting in loss of wall thiickness (e.g.
grinding or machining), each tube shatlbe ultrasonically examined for internal and external defects and
lamihar imperfections and to determine wall thickness in accordance with Annex B.

An ultrasonic examination for@imperfections and wall thickness, in accordance with Annex|B, shall also
be cqrried out on the suppliéd tubing.

The wall thickness at ajypoint shall be not less than the guaranteed minimum thickness.

8.4 | End closure(fitting)

Closxﬁre of the finished tube shall be accomplished by a method other than welding, brazing or braze
weldiing, and shall prevent leakage.

8 5 NDimeoencional taloran <
. DI CsSromartorCrantcs

8.5.1 Out-of-roundness

The out-of-roundness of the cylindrical shell, i.e. the difference between the maximum and minimum
outside diameters at the same cross-section, shall not exceed 2 % of the mean value of these diameters
measured at least at the quarter and mid-length locations on the tube.

8.5.2 Outside diameter

The mean outside diameter shall not deviate by more than +1 % from the nominal outside diameter; this
shall be verified at the quarter and mid-length locations on the tube.

© IS0 2015 - All rights reserved 7
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8.5.3 Straightness

The maximum deviation of the cylindrical part of the shell from a straight line parallel to the tube axis
shall not exceed 0,003 times the full body length, with the exception of stand-alone applications (where
tubes are notin close proximity to each other) where this value may be exceeded with written agreement
of the involved parties (customer, manufacturer and Inspection Body). See Figure 1.

L

[g"]

Key
a maximu

L

8.5.4 Ecc(

The values
mean value

on the tubey.

8.5.5 Len|

The toleran
of #1,5 % oy
agreement d

8.5.6 Water capacity

The toleran

For compre
Inspection H

full paraT;el body length

gth

deviation 0,003 - L

Figure 1 — Illustration of deviation from a straight line

entricity

pf the minimum and maximum thicknesses shall'not differ by more than 12,5 % fron
bf these two thicknesses; this shall be verifiedat least at the quarter and mid-length loca

fe on the design overall length of the tube only, excluding fittings, shall not exceed the 1
+50 mm, except that, for large tubes, >2 000 1, these values can be exceeded with wi
f the involved parties (customer, manufacturer and Inspection Body).

Fe on the design water capacity shall be within the range of +18 % .

ssed gases,\with written agreement of the involved parties (customer, manufacturei
ody), a-tolerance of +5 % may be used.

NOTE T
volume of th

!

ese tolerances do not relate to or affect the accuracy required for the stamp marking of the g

n the

kions

bsser
itten

and

ctual

tube

8.5.7 Mass

The tolerance on design mass of any individual tube shall not exceed +10 %. If tubes are intended to
constitute a battery, the tolerance on the shipment average tube mass shall be within the range of =10 %
to +5 % of the unit design mass.
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Type approval procedure

General requirements

A technical specification of each new design of tube, or tube family (Design Type Specification) as defined
below, including design drawing, design calculations, steel details, manufacturing process and heat
treatment details, shall be submitted by the manufacturer to the Inspection Body. The type approval
tests detailed in 9.2 shall be carried out on each new design under the supervision of the Inspection Body.

A tube shall be considered to be of a new design, compared with an existing approved design, when any
of the following apply:

9.2

9.2.1
the 1
total

(melete the prototype tests required, but in this case the approval validity shall be lir
parti

toc

9.2.2

and

it is manufactured in a different factory;

is manufactured by a different process (see 8.1); this includes the case whén m
hanges are made during the production period, e.g. end forging to spinning, change in
reatment (including different furnace), etc.;

the overall length of the tube has increased by more than 56-% (tubes with a length/di
less than 3 shall not be used as reference tubes for any néw design with this ratio great

is manufactured from a steel of different specified chemical composition range as speci

is given a different heat treatment beyond the limits specified in 6.3;

the nominal outside diameter has changed;

the guaranteed minimum thickness has changed;

the hydraulic test pressure, pp, has been increased (where a tube is to be used for low
duty than that for which design approval has been given, it shall not be deemed to be a |

the guaranteed minimum yield strength, Reg, and/or the guaranteed minimum tens
Rmg, have changed.

Prototype tests

A minimum of nipe, tubes, which are guaranteed by the manufacturer to be repre
ew design, shall bé-inade available for prototype testing. However, if for special app
number of tubeS-required is less than nine, a sufficient number of tubes shall be mg

ular production batch.

Insthe course of the type approval process, the Inspection Body shall select the nec
ample rings for testing and verify that the following is taken into account:

9

hjor process
type of heat

fiedin 6.2.1;

hmeter ratio
er than 3);

rer-pressure
new design);

le strength,

sentative of
ications the
de available
nited to this

pssary tubes

the design conforms to the requirements of Clause 7 and 12.3, as appropriate;

the thicknesses of the walls and ends on one representative tube conform to 7.1 or 12.3, as applicable,
and 7.2. The measurements along the length of the cylindrical part of the tube shall be at least at
one metre intervals and 90° apart around the circumference at each section. A minimum of three
sections shall be tested for short tubes. Each of the ends shall be measured to ensure minimum

design wall thickness at four points. In addition, areas where any machining has taken
other defects may be visually seen shall be measured;

the requirements of Clause 6 are met;

the requirements of 8.5 are met for all tubes selected;
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— theinternal and external surfaces of the tubes are free of any defect which might make them unsafe
to use (for examples see Annex C);

— the conversion of hardness test results into tensile strength values, as specified in 11.3, has been
performed and that minimum and maximum hardness values have been established;

9.3 Type approval test report

A test report shall be drawn up, describing the results of examinations and tests carried out in accordance
with9.2. A copy of the testreportshall be available to the Inspection Body issuing the type approval certificate.

Additional Jotuments Ay be TequiTed [T acCordarnce witit the Tefevart tocal TeEgutation.

9.4 Typelapproval certificate

If the results of the checks according to 9.2 are satisfactory, the Inspection Body shall issue a|type
approval certificate, a typical example of which is given in Annex E.

10 Batch tests

10.1 General requirements

All tests for checking the quality of tubes shall be carried out at the.completion of tube manufacture, i.e.
at any stage|after the heat treatment.

Forthe purppses of batch testing, the manufacturer shall make available to the Inspection Body the folloying:
— the type approval certificate;

— the certjificates stating the cast analysis of the'stéel supplied for the manufacture of the tube;
— evidenc that appropriate heat treatmenthas been performed;

— alist of the tubes, stating serial numbers and stamp markings, as required.

The following tests and inspections,shall be carried out under the responsibility of the Inspection Body
(see Clause §):

a) one tensile test according'te10.2.2 and, for embrittling gas use, 12.5.1;

b) oneimpact test according to 10.2.3 and, for embrittling gas use, 12.5.1;

c) all the tpsts anddnspections as per Clause 11 (tests on every tube).

10.2 Mechlanical tests

10.2.1 General requirements

From each production batch, test pieces shall be selected for mechanical testing from a ring of material
of minimum length 200 mm taken from supplied tubing which is representative of the final condition of
the tube(s), including any heat treatment. Each test ring shall be of the same nominal diameter, thickness,
and material cast as the finished tubes it represents. The sample as defined above shall be placed so it is
subjected at the same time as the tube(s) to the same heat treatment conditions, including with respect
to single or double-sided quenching.
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10.2.2 Tensile test

The test shall be carried outin accordance with ISO 6892-1 on a cylindrical proportional test piece taken
longitudinally (along the axis of the ring) in the ring wall and machined. The gauge length of the test

piece, Lo, shall be Lo = 5,65 /S, .

The results of the tensile test shall be at least equal to the minimum guaranteed values of the properties,
and in all cases

—  Rmashall beless than 1 100 MPa,

— the plnng;\finn after fracture A shall he notlessthan 14 % and

— the ratio Rea/Rma shall be not more than 0,95.

Additional requirements related to tubes for use with embrittling gases are givencdn Clause 12.

10.2{3 Impact testing

10.2}3.1 Except for the requirements given below, the test shall be.carried out in accofdance with
ISO 148-1, ISO 148-2 and ISO 148-3.

The test shall be carried out on three test pieces taken longitddinally from the sample rihg wall. The
notch shall be perpendicular to the face of the sample ring wall. The test pieces shall be thachined on
all sii faces. If the wall thickness does not permit a final test piece width of 10 mm, the w{dth shall be
as near as practicable to the nominal thickness of the tube wall. If the wall thickness is greater than
10 mjm, the test pieces shall be taken as near as practicable to the inner surface of the samiple ring and
theirthickness limited to 10 mm.

10.2{3.2 The impact test shall be conducted ata temperature of -20 °C and the impact test{ values shall
meef the following requirements:

— ]:dividual values = 40 ]/cm?Z;
— 1nean value = 50 J/cm?Z.

NOTH It can be demonstrated from material standards (e.g. ISO 21028-2) thata successful impagt test carried
out af -20 °C provides absence of risk of in-service brittle failure of a tube down to lower service femperatures
(e.g. 450 °C) for tube typesiused for transport of gases.

If agreed between the'manufacturer and purchaser, impact tests at lower temperatures may be carried
out gccording to the condition of use, provided that the foregoing test requirements are alsp met.

10.3 Interpretation of results

Exceptas given in 6.5, the finished tubes shall meet the requirements of Clauses 6 and 11.

11 Tests on every tube

11.1 General

Following heat treatment, all tubes shall be subjected to the following tests and inspections under the
responsibility of the Inspection Body:

— ahydraulicproofpressure testinaccordance with 11.2.1 oravolumetric expansion testinaccordance
with 11.2.2. Test method requirements are given below. Additional guidance for these test methods
and equipment control (calibration and maintenance) can be found in ISO 6406;

— ahardness test in accordance with 11.3;
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inspection in accordance with 11.4;

check of the stamp markings;

a dimensional inspection in accordance with 11.5;

ultrasonic non-destructive testing (NDT) in accordance with 11.6.

11.2 Hydraulic test

11.2.1 Proof pressure test

The hydraulic pressure in the tube shall be increased at a controlled rate until the test pressure,py, is
reached with a measuring tolerance of +3 % or +10 bar, whichever is the lower.

NOTE The test is normally carried out using water.

All necessarly precautions shall be taken to guarantee the safety of persons and property. The tub¢ test
pressure shall be held for a sufficiently long period (atleast 2 min) to ascertain that there is no tendency
for the pressure to decrease or for permanent visible deformation and that the tube does not leak.

The test mqunting shall be designed and arranged to permit easy checking of the tube tightness. It
shall be fitted with calibrated pressure gauge(s). Any internal pressure applied to the tube after|heat
treatment ahd before the official pressure test shall not exceed 90 %0f the test pressure, pp.

After testing, the interior of the tube shall be dried to avoid oxidation and/or corrosion.

11.2.2 Volumetric expansion test

The hydraulic pressure in the tube shall be increased-at a controlled rate until the test pressure, py, is
reached with a measuring tolerance of +3 % or +10bar, whichever is the lower.

NOTE The test is normally carried out using water.

The tube test pressure shall be held for assufficiently long period to ensure complete expansion qf the
tube, but in no case shall the pressuré€ be held for less than 2 min. The total volumetric expansion|shall
be measuredl. The pressure shall then/be released and the volumetric expansion re-measured.

The tube shall be rejected if it shows permanent expansion (i.e. volumetric expansion after the pregsure
has been released) in excess‘@f10 % of the total volumetric expansion measured at the test pressurje, ph.
The total and permanentéexpansion readings shall be recorded, together with the corresponding gerial
number of the tube tested, so that the elastic expansion (i.e. total expansion minus permanent expanjsion)
can be estaljlishedfor each tube.

The test appatatus shall be fitted with at least two calibrated pressure gauges arranged in a parallel
configuratiirw-mmmmmﬁtﬁmmmied

to the tube after heat treatment and before the official pressure test shall not exceed 90 % of the test
pressure, ph.

After testing, the interior of the tube shall be dried to avoid oxidation and/or corrosion.

11.3 Hardness testing

The purpose of the hardness test is to check the homogeneity of a tube and the level of its mechanical
properties after heat treatment.

A Brinell hardness test shall be carried out on each tube in accordance with ISO 6506-1, ISO 6506-2 and
ISO 6506-3, preferably with a ball having a diameter of 10 mm and ata 29 420 N (3 000 kgf) load, except
when circumstances do not permit.
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The conversion of hardness test results into tensile strength values shall be determined by the tube
manufacturer, using test pieces representative of the manufactured tubes.

Hardness shall be measured and recorded at four diametrically opposed points in at least three circular
cross-sections distributed over the whole length of each tube at intervals not greater than 3 m.

The results on each circular cross-section shall be within the minimum-maximum tensile strength
range guaranteed by the manufacturer. The values may be plotted on a diagram to identify their position.

NOTE The hardness value on a single location can be the result of the average of a maximum of three tests.

11 A-XLs 1s s
. ViSUdl IIISpPTTllivull

The [inner and outer surfaces of each finished tube shall be inspected visually for\clegnliness and
impgrfections in accordance with 8.2. This is intended to check, in particular for the inner surface, that

— 1o foreign matter or grease is present,
— 1o liquid or moisture is present inside the tube, and
— 1o shoulder cracks are present.

Light, tightly adhering scale or blush rust oxide is acceptablé unless expressly prohibited by the
final|application.

11.5 Dimensional inspection

11.5{1 Thickness

Inspection of wall thickness to check conformity'with the requirements of 8.3 and 8.5.4 shalll be carried
out on each tube. The inspection for eccentridity per 8.5.4 may be carried out at any manufadturing stage
chosen by the manufacturer. However, theimanufacturer shall ensure that the minimum wall thickness
is not affected after this stage

11.5{2 Diameter and length

Checks of the outside diametepand length shall be carried out on each finished tube to check conformity
with(8.5.1 to 8.5.3 and 8.5.5.

11.5|3 Water capacity and mass

The water capagcity and mass shall be checked on each tube for conformity with 8.5.6 and 8.5.7.

11.5{4 Neck threads and openings

Openi

NOTE Neck threads can be internal, external or both.

11.6 Ultrasonic non-destructive test

Each tube shall undergo ultrasonic examination (UE) for imperfections and thickness verification, as
specified in 8.3, in accordance with Annex B.
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12 Special requirements for tubes for embrittling gases

12.1 General

Tubes intended for the transport of gases which have a risk of hydrogen embrittlement, in accordance
with ISO 11114-1, shall meet the requirements of 12.2 to 12.5, in addition to those given in Clauses 6 to 11.

NOTE ISO 11114-1, Table 1, No. 67, Methane, states that specific compatibility requirements for natural gas
are included in ISO 11439. Clause 4.5 of ISO 11439 specifies the permissible composition of natural gas and clause
7.5.2.2 specifies that during prototype testing the sulphide stress cracking resistance test describes in Clause A.3
is to be carried out when the upper limit of the specified tensile strength for the steel exceeds 950 Mpa.

12.2 Materials

The suitability for use in the production of tubes intended to contain embrittling gase§*and magde of
steels of given chemical compositions and heat treatments shall be checked. The steelsishall medt the
requirements of Clause 6 and the additional requirements of 12.5; specifically, in'ho case shall Ry,
exceed the values required in 12.3 and 12.5.1.

12.3 Design

The calculation of the wall thickness of the pressure containing parts shall be related to the guaranteed
minimum yjleld strength, Reg, of the material of the finished tube, usiigthe Lamé-von Mises formuyla in
accordance with 7.1, except that

F=—d @

Reg ng

where
f=0,65 for Ry max < 890 MPa
f=0,b1 for Ry max > 890 MPa
Reg/Rmg shall not exceed 0,85.

In addition, Rm max — Rmg = 100 MPa:

The value of f shall be fixed atthe time of designing the tube and shall not be established or changed
retrospectiyely when the tube has been heat treated and qualified by physical testing. The valug of f
shall be defined according-t6 guaranteed maximum tensile strength, Ry max, as above.

12.4 Constructien-and workmanship

12.4.1 General

Special attention shall be given to the tube shoulders to ensure that their particular shape does not
induce high stresses. The design of openings and of adaptors, including gaskets, shall permit variations
in the tube dimensions (e.g. its volume) during filling. The internal thread and the transition area shall
be manufactured with special care to avoid stress concentrations.

12.4.2 Surface imperfections

12.4.2.1 The inner and outer surfaces of each blank of supplied tubing shall be subjected to careful
inspection prior to end closing-in by forging or spinning. In particular, the inner surfaces and edges of the
blanks shall be free from any defect which exceeds the specified acceptance/rejection criteria. Surface
inspection shall be conducted using ultrasonic non-destructive examination in accordance with Annex B.
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12.4.2.2 After forging or spinning of the tube ends, the internal surface of the neck and shoulder shall be
examined for folds and cracks by means of an endoscope, introscope, dentist’s mirror or other suitable
appliance. The surface shall be free from cracks. Folds that are clearly visible as depressions having
rounded peaks and roots shall not be deemed to constitute defects, but those which have sharp profiles, or
whose shape cannot definitely be identified, particularly those that are only discernible as a crack or a line
of oxide on the tube surface and extend into the threaded portion, are not acceptable and shall be removed.

12.4.2.3 All surface imperfections revealed by these examinations shall be removed by machining,
grinding or any appropriate procedure except welding. Great care shall be taken to avoid introducing

new injurious defects such as striations. After such a repair, the wall thickness shall be re-checked for
conformity with 12 3

12.5 Mechanical tests

12.5{1 Tensile and impact tests
Tubejs shall be fully tempered to meet the following requirements.
a) Theresults of the tensile test in 10.2.2 shall be as follows:

1+ Rma shall not exceed: 890 MPa if f= 0,65 or 950 MPa if f=0,61;

— elongation after fracture shall be not less than 16 %;

— ratio Rea/Rma shall not exceed 0,90.

Valugs of Ry higher than 950 MPa, elongation values'ofless than 16 % and ratio Rea/Rma higher than 0,90
may pe used, provided the steel at this strength levélis qualified in accordance with the reqyiirements of
ISO 11114-4. However, it shall be ensured that all'the requirements given in 10.2.2 are fulfilled.

b) Forthe impacttestin 10.2.3 at the test temperature, each test piece shall exhibit a lateral expansion
greater than 0,4 mm, and the fracture surface shall have a generally ductile appearance at visual
inspection, i.e. the crystalline appearance of the fracture surface shall not exceed 50 %.

12.5{2 Hardness test

The purpose of the hardness test is to check the homogeneity of a tube and the level of it mechanical
properties after heat treatment.

The test shall be carried out in accordance with 11.3.
The following reguirements shall be met:

— theresulfs of hardness readings on one circumference of the outer wall do not differ by mor¢ than 30 HB;

dttany point of the tube surface, the steel tensile strength, as calculated from a c¢nversion of
rinell hardness values, 1S not greater than the maximum guaranteed value of the tensile strength
specified in 12.5.1.

13 Inspection certificate

Each batch of tubes shall be covered by a certificate signed by the Inspection Body’s representative to
the effect that the tubes meet the requirements of this International Standard in all respects. Annex D
provides a typical example of a suitably worded acceptance certificate. Other formats with at least the
same content are also acceptable.
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Copies of the certificate shall be issued to the manufacturer. The original certificate shall be retained
by the Inspection Body and the copies by the manufacturer in accordance with the regulations of the
relevant statutory authority.

NOTE Attention is drawn to national regulations which might have additional or overriding requirements
concerning the issuing and retention of certificates.

14 Marking

Each tube shall be permanently marked on the shoulder.

Marking sh{
In the absen

NOTE IS

by regulations

1l be in accordance with the applicable regulations of the countries of use.
ce of such regulations marking shall be in accordance with ISO 13769.

0 13769 should be used in all cases as a guide e.g. to cover marking requirements-not speg¢ified

16
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Annex A
(informative)

Typical chemistry groupings for seamless steel tubes

Values in percent
[mass fraction]
Flement Group I Group II Group III Group IV iroup V
C 0,32/0,48 0,25/0,40 0,35/0,50 0,15/0,50 0,27/0,35
Mn 0,90/1,65 0,40/1,00 0,60/1,05 0,40/0,70 (,50/0,70
P <0,020 <0,020 <0,020 <0,020 <0,020
<0,010 <0,010 <0,010 <0,010 <0,010
Si 0,10/0,50 0,10/0,45 0,15/0,40 0,10/0,40 0,10/0,35
Ni <0,402 — — 0,15/0,40 2,30/2,80
Cr <0,402 0,80/1,20 0,85/1,20 2,25/2,75 d,50/0,80
Mo <0,10a 0,15/0,35 0,15/0530 0,15/0,60 Q,40/0,70
\ — — >~ 0,15/0,30b —
a  Ni+Cr+Mo=0,63 max.
b\ optional.

NOTH Usually, the materials listed in this annéx'do not exhibit a defined yield during a tensile tpst, therefore
the dpfinition of Rpo,2 applies (see 3.1).
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Annex B
(normative)

Ultrasonic examination

B.1 Introduction

Thisannexij
may be used

B.2 Gengd

The ultraso
notches as

operating ijstructions to ensure that its accuracy is maintained. Inspegtion records and app

certificates

The operati
certified at
standards W
Inspection H
be in a cond

For flaw det
method or {

echo technique shall be used, with ultrasound transmitted in the direction normal to the tube suj

Either cont4d

A coupling

probe and the tube shall be used.

B.3 Flaw

B.3.1 Pro

The tubes tp be exantitied and the search unit shall have a rotating motion and translation relati

one another

based ontechniquesusedbytubemanufacturers.Othertechniquesofultrasonicexamin
, provided that these have been demonstrated to be suitable for the manufacturingme
ral requirements

hic examination equipment shall be capable of at least detecting the reference stan
lescribed in B.3.2. It shall be serviced regularly in accordanceswith the manufacty

for the equipment shall be maintained.

bn of the ultrasonic examination equipment shall be by qualified and experienced pers
east to level 1 and supervised by personnel certified-at least to level 2 of ISO 9712. (
rhich meet or exceed these minimum requirements, may be used subject to approval b
ody. The inner and outer surfaces of any tube which is to be examined ultrasonically
tion suitable for an accurate and reproducible .examination.

pction the pulse echo system shall be used.¥or thickness measurement either the resor
he pulse echo system shall be used. Fot)the detection of laminar imperfections the |

ct or immersion techniques of examinhation shall be used.

method which ensures adequate transmission of ultrasonic energy between the te

detection of the eylindrical part

cedure

such thata helical scan of the tube will be described. The velocity of rotation and transl

shall be con

stant within £10 %. The pitch of the helix shall be less than the width covered by the f

htion
thod.

dard
rer’s
roval

nnel
ther
[y the
shall

ance
bulse
face.

sting

ve to
htion
robe
as to

(atleasta 112 %overlapping shall be guaranteed) and be related to the effective beam width such
ensure 100 % coverage at the velocity of rotation and transiation used during the calibration procedure.
An alternative scanning method may be used for transverse defect detection, in which the scanning or
relative movement of the probes and the work piece is longitudinal, the sweeping motion being such as
to ensure a 100 % surface coverage with 10 % overlapping of the sweeps.

The tube wall shall be examined for longitudinal imperfections with the ultrasonic energy transmitted
in both circumferential directions and for transverse imperfections in both longitudinal directions.

When optional examination is carried out on the transition areas between the wall and neck, this may
be conducted manually if not carried out automatically.

The effectiveness of the equipment shall be periodically checked by passing a reference standard through
the examination procedure. This check shall be carried out atleast at the beginning and end of each shift. If
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during this check the presence of the appropriate reference notch is not detected, then all tubes examined
subsequent to the last acceptable check shall be re-examined once the equipment has been reset.

B.3.2 Reference standard

A reference standard of convenient length shall be prepared from tubing of similar diameter and wall
thickness range, of material with the same acoustic characteristics and surface finish as the tube to
be examined. The reference standard shall be free from discontinuities which may interfere with the
detection of the reference notches and the rectangular recess.

Reference notches, both longitudinal and transverse, and a rectangular recess shall be machined on the

oute
them

Dimd
equij

The length of the notches, E, shall not be greater than 50 mm.

The ¥
be m

The
mini
are g

The notch shall be sharp edged at its intersection with the surface of the cylinder wall. The ¢

of th
is acl

The {
The ¥

The length of the rectangular recess,%-shall be 17 mm or less.

The
thick

B.3.]

Usin
ident
of th
as th
be cg
dired

ANd MIer Surtace of the standard. T e TotChes arnd the Tecess sitatl be Separated Suci
can be clearly identified.

nsions and shape of notches and recess are of crucial importance for the adjust
pbment (see Figure B.1, Figure B.2 and Figure B.3).

vidth, I/, shall be not greater than twice the nominal depth, 7. However, where this cond
et a maximum width of 1 mm is acceptable.

lepth of the notches, T, shall be (5 £ 0,75) % of the guaranteed minimum wall thickne
mum of 0,3 mm and a maximum of 1,0 mm over the fullléngth of the notch. Runouts
ermissible.

e notch shall be rectangular except where spark«erosion machining methods are empl
xnowledged that the bottom of the notch will-be rounded.

hape and dimensions of the notch shall be'demonstrated by an appropriate method.

vidth of the rectangular recess, b, shall be 6 mm ”8 %.

that each of

ment of the

ition cannot

ss, a’, with a
at each end

ross-section
byed; then it

lepth of the rectangular recess, h, shall be between 1/4 and 1/2 of the guaranteed minimum wall

ness, a’, with a maximum,of 10 mm.

B Calibration ofequipment

b the reference standard described in B.3.2, the equipment shall be adjusted to pro
ifiable indications from inner and outer surface notches and the rectangular recess. Th
b indication’s shall be as near equal as possible. The indication of smallest amplitude s
e rejection level and for setting visual, audible, recording or sorting devices. The equ
librated with the reference standard or probe, or both, moving in the same manner,

duce clearly
e amplitude
hall be used
pment shall
in the same

tion and at the same speed as will be used during the examination of the tube. All vis

ual, audible,

recording or sorting devices shall operate satisfactorily at the test speed.

B.4

Wall thickness measurement

If the measurement of the wall thickness is not carried out in another stage of production, the cylindrical
partshall be 100 % examined to ensure that the thickness is not less than the guaranteed minimum value.
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B.5 Interpretation of results

B.5.1 Surface imperfections

Tubes with indications which are equal to, or greater than, the lowest of the indications from the
reference notches shall be withdrawn. This comparison shall be made between the indications from the
tube and those from the reference notch in the same orientation and on the same face, e.g. a transverse
inside defect shall be compared with the transverse inside reference notch. The cause of the indication
shall be identified and, if possible, removed; after removal the tubes shall be re-subjected to ultrasonic

flaw detecti

on and thickness measurement, conducted either automatically or manually.

B.5.2 Laminar imperfections

Any tube pr

For suspect
by a suitablg
The tube sh

Bmax =1

NOTE Fq

B.5.3 Manual retest

Where ama
standard ag
ultrasonic ¢
longitudina
overlap at I¢

B.5.4 Wwal

Any tube which is shown to be below the'guaranteed minimum wall thickness shall be rejected.

B.6 Certification

The ultrasoi

Every tube,
permanentl
characters °

bducing a trigger/alarm condition shall be designated suspect.

tubes, each suspect area shall be explored by a manual ultrasonic straight beam methd
automatic or semi-automatic system, to establish the extent of the laminated suspect
hll be deemed to have passed this test if the lamination size, Bnax, is not éxceeded, whd

65 mm?2

r guidance see ISO 10893-8.

hual re-testis conducted, the hand scanning equipntent shall be calibrated using a calibr
described in B.3.2. The tube surfaces shall be-tested for longitudinal defects wit]
nergy transmitted in both circumferential directions and, for transverse defects, in
directions. To ensure complete coverage-of the reconditioned area, the manual scan
ast 15 %, and the scan shall not exceed.@rate of 150 mm-s-1.

1 thickness

hic examination shall be certified by the tube manufacturer.

which has passéed the ultrasonic examination in accordance with this specification, sh
y marked-with the characters “UT” or with the symbol as shown in Figure B.4 (wher
XY” represent the manufacturer’s logo or symbol).

d, or
area.
re

htion
 the
both
shall

1]l be
e the
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X-X

Key
1  qutside reference notch
2 ipside reference notch

T=(3%0,75) % a’ but T < 1 mm and¥ = 0,3 mm; W < 2T, but if not possible then W < 1 mm, E < 50 mjm

Figure B.1 — Design/details and dimensions of the reference notches for longitudinal
imperfections
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Figure B.4 — UT symbol
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Annex C
(informative)

Description and evaluation of manufacturing imperfections and
conditions for rejection of seamless steel tubes at time of final

inspection by the manufacturer

C1
Seve

Such
mani
othe

The
prov
Body
nece
the Vi

C.2

C.2.1

The 4
prop

Introduction
Fal types of imperfection can occur during the manufacturing of a seamless‘steel tube.

hfacturing process, heat treatments, manipulations, necking, machining or marking op
- circumstances during manufacture.

pim of this annex is to identify the manufacturing imperfections most commonly
. Nevertheless, extensive field experience, good judgement and independence from pr

ksary for the Inspector to detect and to be able to evaluate and judge an imperfection
isual inspection.

General

urface of the metal and in particular of the inner wall should be clean, dry, and suitabl
er inspection. Where necessary, the surface shall be cleaned under closely controlled c

suitable methods before furthersinspection.

Appr]
Aftel
by m|
C.2.2
appr]

Greal

opriate sources of illunlination with sufficient intensity shall be used.

eans of an introseope, dental mirror or other suitable appliance.

ppriatenethod.

[ care'shall be taken to avoid introducing new injurious imperfections.

imperfections can be mechanical or material. They can be due to the basic material used, the

brations and

met and to

de general guidelines to the Inspector who performs the)visual inspection for th¢ Inspection

duction are
the time of

[tis essential to perform the visual iriternal and external inspection in good conditionis, as follows.

e enough for
bnditions by

the tubes have beénclosed and the threads have been cut, the internal neck area shall pe examined

Small imperfections may be removed by local dressing, grinding, machining, or other

Aftersuch a repair, the tubes shall be re-examined and, 1f the cylindrical wall thickness 1s reduced, it

shall

C3

be rechecked.

Manufacturing imperfections

The most commonly found manufacturing imperfections and their definitions are listed in Table C.1.

Rejection limits for repair or rejection are alsoincluded in Table C.1. These rejection limits are established
following considerable field experience. They apply to all sizes and types of tube and service conditions.
Nevertheless, some customer specifications, some types of tube or some special service conditions can
require more stringent criteria.
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2015 - All rights reserved
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C.4 Rejected tubes

All rejected tubes shall be rendered unserviceable for their original application.

It may be possible to produce tubes for different service conditions from rejected tubes.

Table C.1 — Manufacturing imperfections

Imperfection Description Conditions for rejection and/or actions R?;;:Z tor
Bulge Visible swelling of the — All tubes with such a defect Reject
wall
Dent (flats) A depression in the wall |— When the depth of the dent exceeds 2 % 2 of Rejeft
that has neither pene- the external diameter of the tube
trf“te“‘ nor removed metal | _ When the depth of the dent is greater than Pernjit
with a depth greater than . : A
1 mm and when the diameter of the dent is.Jess repajir
1 % of the external tube : :
. . than 30 times its depth a
diameter (see Figure C.1)
(see also excessive grind-
ing or machining)
Cut, gouge, nmetallic |An impression in the wall |— Inside imperfection: if not superficial, with Rejert
or scale impression |where metal has been sharp notches more than 5%f wall thickness b
removed or rPTdIStrlb' — Outside imperfection: when the depth Repdir
uted (due basically to the . . X
. . : exceeds 5 % of the wall\thickness of the tube if possiible
introduction of foreign (see C.p.2)
bodies on the mandrel or -
matrix during extrusion
or drawing operations)
Dent containing cut |A depression in the wall |— All tubeswith such defects Rejeft
or gouge which contains a cut or
gouge (see Figure C.2)
Excessive grinding |Local reduction of wall <="When the wall thickness is reduced to below Rejeft
or machining thickness by grinding or “fthe minimum design thickness See “dbnt”
machining — When it results in the formation of a dent above
Rib Alongitudinal raised sur- |— Inside imperfection: when height exceeds Repdir
face with sharp corners |5 % of wall thickness or when length exceeds if possjible
having a height'of 3 % 10 % of the length of the tubes (see C.2.2)
?}:igﬁ‘:sghéreletg? VX?S c3) | Outside imperfection: when height exceeds
HBULE 23] 1 5 04 of wall thickness or when length exceeds
5 times the thickness of the tubes
Groove AJlongitudinal notch hav- |— Inside imperfection: when depth exceeds Repdir
ing a depth of 3 % or more |5 % of wall thickness or when length exceeds if possjible
than the wall thickness 10 % of the length of the tubes or reject
(See Ei ure C4) Outsida imnarfaction:-whaon danth aveandc (See QQ)
Heure .= Outside-imperfectioni-when-depth-exceeds
5 % of wall thickness or when the length
exceeds 5 times the thickness of the tubes
Lamination Layering of the material |— Inside imperfection: all tubes with such Repair
within the tube wall and |defect if possible
sometimes appearingas | _ Outside imperfection: all tubes with such orreject
a discontinuity, crack lap .
defect Repair
or bulge at the surface . .
(see Figure C.5) if possible
’ or reject
(see C.2.2)

b Consideration of appearance and localization (in thicker parts with lower stresses) can be taken into account.

a  On small-diameter containers, these general limits may have to be adjusted. Consideration of appearance also plays a
partin the evaluation of dents, especially in the case of small tubes.
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Table C.1 (continued)

Imperfection Description Conditions for rejection and/or actions R‘:g;f:z tor
Crack Split, material separation |— When not removable within thickness toler- Reject
ance
— When removable within thickness tolerance Repair
Neck cracks Appear as lines which — All tubes with such imperfections Reject
run vertically down
the thread and across
the thread faces{They
should not be confused
with tap marks = thread
machining marks.) (see
Figure C.6)
Shoulder folds and/ |Folding with peaksand |— Folds or cracks that are visible as aline of Repair,
or shoulder cracks  |troughs situated in the oxide running into the threaded portion shall if possible
internal shoulder area, be removed by a machining opéyation until
which can propagate into |the lines of oxide are no longey visible (see
the threaded area of the |Figure C.7).
shoulder (see Figure C.7). |After machining, the whole area shall be
Cracks can start from re-inspected carefully.and the wall thickness
folds in the internal verified.
shoul@er area anq prop~ | if folding orlines of oxide have not been Reject
agate into the cylindrical db hinine. if cracks are alwavs
machined or threaded removed by machining, 1t ¢ . y
visible eriftwall thickness is unsatisfactory
area of the shoulder.
(Figure C.8 shows exactly |— Folds which extend beyond the machined Acceptable
where shoulder cracks areaand are clearly visible as open depres-
start and how they prop- |sions where no oxides have been trapped into
agate.) the metal, shall be accepted provided that the
peaks are smooth and the root of the depres-
sion is rounded
“Orapge peel” sur-  |Orange peel appearance |— If sharp cracks are visible in the orange peel Reject
face due to discontinuous surface
metal flow,
Internal neck Neck threads damaged, |— When the design permits, threads may be Repair
threads damaged or |with dents, cuts, burrs or |re-tapped and re-checked by the appropriate
out df tolerance out ef tolerance thread gauge and carefully visually re-ex-
amined. The appropriate number of effective
threads shall be guaranteed.
— If not repairable Reject
Pittihg Severe surface corrosion |— All tubes with such defects visible after shot Reject
blasting
Non-conformity — All tubes presenting such an imperfection Repair
with design drawing if possible
or reject
Neck ring not secure |Neck ring turns under — All tubes presenting such an imperfection Repair if
application of low torque possible
or pulls off under low according
axial load (see ISO 11117 to approved
for guidance) method only

a  On small-diameter containers, these general limits may have to be adjusted. Consideration of appearance also plays a
part in the evaluation of dents, especially in the case of small tubes.

b Consideration of appearance and localization (in thicker parts with lower stresses) can be taken into account.
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Table C.1 (continued)

Imperfection Description Conditions for rejection and/or actions Rig?;ztor
Arcor torchburns |Partial burning of the — All tubes presenting such imperfections Reject

tube metal, the addition of
weld metal or the removal
of metal by scarfing or
cratering

a  On small-diameter containers, these general limits may have to be adjusted. Consideration of appearance also plays a

partin the evaluation of dents, especially in the case of small tubes.

b Considerdtion of appearance and localization (in thicker parts with lower stresses) can be taken into account.

| ¢ |

\ \
s .

Figure C.1 — Dent

Figure C.2 — Dent containing cut or gouge

Figure C.3 — Rib
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